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General remarks: The following includes general experimental procedures, specific 

details for representative reactions, and isolation and spectroscopic information for new 

compounds. Anhydrous solvents (DMSO, DMF, CH2Cl2, CCl4) were systematically used. 

MeCN was distilled under nitrogen from CaH2 and immediately used or stored under 4 Å 

molecular sieves. Other reagents, metal catalysts (PdCl2, Pd(OAc)2) and TFP ligand were 

commercially available and used as received. The cyclization reactions were carried out in an 

oil bath using Biotage Microwave Vials (2-5 mL) unless otherwise noted. 1H and 13C NMR 

spectra were recorded at room temperature on a Varian Gemini 300 MHz or a Varian Unity 

400 MHz spectrometers using CDCl3 as the NMR solvent. 1H NMR spectra are referenced to 

tetramethylsilane (0.00 ppm) and 13C NMR spectra are referenced from the solvent central 

peak (77.23 ppm). Chemical shifts are given in ppm. IR spectra were recorded on a Nicolet 

DX FT IR spectrometer as thin films on NaCl plates. IR is reported as characteristic bands 

(cm-1) in their maximal intensity. The letters br mean the signal is broad. High-Resolution 

Mass Spectra (HRMS) were obtained using a VG 70-250S (double focusing) mass 

spectrometer at 70 eV unless otherwise noted. Reported melting points were measured with a 

Fisher-Johns melting point apparatus and are uncorrected. 
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Synthesis of Bromoalkyl Pyrroles and Bromoalkyl Pyrazole 
 

1-(2-bromoethyl)-1H-pyrrole 8 and ethyl pyrrole-2-carboxylate were commercially 
available from TCI AMERICA® and Alfa Aesar®, respectively. Bromoalkyl pyrrole 26 and 
bromoalkyl pyrazole 29 were synthesized using method A. Bromoalkyl pyrrole 23 was 
synthesized using method B. 
 
 
Method A:  
 

To a stirred solution of ethyl pyrrole-2-carboxylate or pyrazole (1.0 equiv) in DMSO 
(0.5 M) was added in one portion KOH (10 equiv) at rt. After stirring for 1 h, 1,2-
dibromoethane (20 equiv) was added in one portion. After completion (< 30 min), the reaction 
was quenched with water and the resulting aqueous layer was extracted with EtOAc. The 
combined organic layers were washed with brine, dried over anhydrous Na2SO4, filtered and 
evaporated in vacuo. Purification was achieved by flash column chromatography on silica gel 
(Hexanes/EtOAc gradient). 
 
 
1-(2-bromoethyl)-1H-pyrrole-2-carboxylic acid ethyl ester 26 
 

N Br
CO2Et

26  
 

Colourless oil (10.0 mmol scale, 2.34 g, 95%) ; Rf = 0.48 on silica gel (20% 
EtOAc/Hexanes) ; 1H NMR (400 MHz, CDCl3) δ 7.00 (dd, J = 4.0, 1.6 Hz, 1H), 6.90 (m, 
1H), 6.14 (dd, J = 4.0, 2.8 Hz, 1H), 4.65 (t, J = 6.4 Hz, 2H), 4.27 (q, J = 7.2 Hz, 2H), 3.67 (t, 
J = 6.4 Hz, 2H), 1.35 (t, J = 7.2 Hz, 3H) ; 13C NMR (100 MHz, CDCl3) δ 161.2, 129.8, 121.7, 
118.9, 108.2, 60.1, 50.9, 32.0, 14.6 ; IR 3111, 1697, 1075, 760, 739, 608 cm-1 ; Anal. calcd. 
for : C9H12NO2Br : C, 43.92 ; H, 4.91 ; N, 5.69 ; Found : C, 43.89 ; H, 5.05 ; N, 5.65. 
 
 
1-(2-bromoethyl)-1H-pyrazole 29 
 

N N Br

29  
 

Light orange oil (20.0 mmol scale, 2.35 g, 67%) ; Rf = 0.20 on silica gel (20% 
EtOAc/Hexanes) ; 1H NMR (300 MHz, CDCl3) δ 7.55 (apparent d, J = 1.5 Hz, 1H), 7.46 (d, J 
= 2.1 Hz, 1H), 6.26 (t, J = 2.1 Hz, 1H), 4.50 (t, J = 6.3 Hz, 2H), 3.72 (t, J = 6.3 Hz, 2H) ; 13C 
NMR (75 MHz, CDCl3) δ 140.2, 130.3, 105.5, 53.4, 30.4 ; IR 3116 (br), 1089 cm-1 ; HRMS 
(EI, m/z) calcd. for C5H7N2Br (M+) 173.9793, Found 173.9791. 
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Method B:  
 

To a stirred solution of pyrrole (0.75 mL, 10.6 mmol, 1.0 equiv) and TBS protected 3-
bromopropanol (3.0 g, 11.8 mmol, 1.1 equiv) in DMF (25 mL) was added in one portion 
KOH (0.78 g, 13.9 mmol, 1.3 equiv) at rt. After completion (4 h), the reaction was quenched 
with water and the resulting aqueous layer was extracted with Et2O. The combined organic 
layers were dried over anhydrous MgSO4, filtered and evaporated in vacuo. Purification was 
achieved by flash column chromatography on silica gel (Hexanes/EtOAc gradient) to afford 
1.98 g of pyrrole 23’ as a colourless oil. 
 

To a suspension of Br2PPh3 (3.85 g, 9.1 mmol, 1.1 equiv) in CH2Cl2 (35 mL) was 
added by canula a solution of pyrrole 23’ (1.98 g, 8.3 mmol, 1.0 equiv) in CH2Cl2 (20 mL). 
After completion (15 min), the reaction was quenched with water. The resulting organic layer 
was then dried over anhydrous Na2SO4, filtered and evaporated in vacuo. Purification was 
achieved by flash column chromatography on silica gel (Hexanes/EtOAc gradient) to afford 
1.26 g of 1-(3-bromopropyl)-1H-pyrrole 23 as a colourless oil. 
 
 
1-[3-(tert-butyl-dimethyl-silanyloxy)-propyl]-1H-pyrrole 23’ and 1-(3-bromopropyl)-1H-
pyrrole 23 
 

N OTBS

23'                            

N Br

23  
 

Colourless oil (1.98 g, 78%) ; Rf = 0.70 on silica gel (10% AcOEt/Hexanes) ; 1H NMR 
(300 MHz, CDCl3) δ 6.65 (t, J = 2.1 Hz, 2H), 6.13 (t, J = 2.1 Hz, 2H), 3.99 (t, J = 6.9 Hz, 
2H), 3.57 (t, J = 6.9 Hz, 2H), 1.93 (quint, J = 6.9 Hz, 2H), 0.89 (s, 9H), 0.04 (s, 6H) ; 13C 
NMR (75 MHz, CDCl3) δ 120.9, 108.0, 59.7, 46.2, 34.6, 26.1, 18.5, -5.1 ; IR 3100, 837, 720 
cm-1 ; HRMS (EI, m/z) calcd. for C13H25NOSi (M+) 239.1705, Found 239.1709. 
 

Colourless oil (1.26 g, 81%) ; Rf = 0.58 on silica gel (10% AcOEt/Hexanes) ; 1H NMR 
(400 MHz, CDCl3) δ 6.67 (t, J = 2.0 Hz, 2H), 6.15 (t, J = 2.0 Hz, 2H), 4.07 (t, J = 6.4 Hz, 
2H), 3.30 (t, J = 6.4 Hz, 2H), 2.25 (quint, J = 6.4 Hz, 2H) ; 13C NMR (100 MHz, CDCl3) δ 
120.6, 108.4, 47.0, 34.1, 30.3 ; IR 3098, 1089, 726, 617 cm-1 ; HRMS (EI, m/z) calcd. for 
C7H10NBr (M+) 186.9996, Found 187.0000. 
 
 

Synthesis of Aryl Iodides 
 

2-iodoanisole 19, 2-iodotoluene 30, 1-fluoro-2-iodobenzene 32, 1-iodonaphtalene 34, 
2-iodobenzotrifluoride 36 and 5-iodo-1,3-dimethyluracil 38 were commercially available 
from Aldrich®. Iodides 9, 11, 15 and 17 synthesis were previously reported.1 Iodides 13, 21 
and 27 were synthesized as follows: 

                                                 
1 Bressy, C.; Alberico, D.; Lautens, M. J. Am. Chem. Soc. 2005, 127, 13148-13149 
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4-iodo-3-methyl-benzoic acid methyl ester 13 
 

13

I

CO2Me

 
 

A mixture of 4-iodo-3-methylbenzoic acid (1.00 g, 3.82 mmol) and H2SO4 (few drops) 
in MeOH (20 mL) was refluxed overnight. The resulting mixture was then cooled to rt, 
diluted with Et2O and washed several times with saturated NaHCO3, water then brine. The 
resulting organic layer was dried over anhydrous Na2SO4, filtered and evaporated in vacuo to 
give pure 13 as a white solid (0.98 g, 93%). No further purification was necessary. 
Spectroscopic data were consistent with those reported in the literature.2 Rf = 0.42 on silica 
gel (10% EtOAc/Hexanes) ; mp = 56-58 °C ; 1H NMR (300 MHz, CDCl3) δ 7.89 (m, 2H), 
7.50 (dd, J = 8.1, 2.1 Hz, 1H), 3.90 (s, 3H), 2.47 (s, 3H) ; 13C NMR (75 MHz, CDCl3) δ 
166.7, 141.8, 139.1, 130.3, 128.0 (2 13C), 107.4, 52.2, 28.0 ; IR 1717 cm-1 ; HRMS (EI, m/z) 
calcd. for C9H9O2I (M+) 275.9647, Found 275.9647. 
 
 
3-chloro-4-iodo-phenylamine 21’, N-(3-chloro-4-iodo-phenyl)-4-methyl-benzenesulfon-
amide 21’’ and N-(3-chloro-4-iodo-phenyl)-4,N-dimethyl-benzenesulfon-amide 21 
 

21'

I
Cl

NH2

               21''

I
Cl

NH
Ts

            21

I
Cl

N
Ts

 
 

To a stirred solution of 3-chloroaniline (1.22 mL, 11.5 mmol, 1.0 equiv) in CH2Cl2 
(100 mL) was added CaCO3 (1.5 g, 15.0 mmol, 1.3 equiv) then BTMAICl2

3 (4.0 g, 11.5 
mmol, 1.0 equiv) at rt. After 8 h, the reaction was filtered and the filtrate was concentrated in 
vacuo. The resulting residue was dissolved in Et2O then a saturated NaHSO3 aqueous solution 
was added. The resulting aqueous layer was extracted with Et2O. The combined organic 
layers were dried over anhydrous MgSO4, filtered and evaporated in vacuo. Purification was 
achieved by flash column chromatography on silica gel (Hexanes/EtOAc gradient) to afford 
aniline 21’. 21’ : light brown solid (0.85 g, 29%) ; Rf = 0.26 on silica gel (30% 
AcOEt/Hexanes) ; mp = 63-64 °C ; 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.4 Hz, 1H), 
6.81 (d, J = 2.8 Hz, 1H), 6.32 (dd, J = 8.4, 2.8 Hz, 1H), 3.75 (brs, NH2) ; 13C NMR (100 
MHz, CDCl3) δ 147.9, 140.4, 138.9, 115.9, 115.5, 82.7 ; IR 3491 and 3403 (2 bands, NH2), 
3120-3030 (several peaks), 1104 cm-1 ; HRMS (EI, m/z) calcd. for C6H5NClI (M+) 252.9155, 
Found 252.9153. 
                                                 
2 Lautens, M.; Paquin, J.-F.; Piguel, S. J. Org. Chem. 2002, 67, 3972-3974 
3 BTMAICl2 stands for Benzyltrimethylammonium dichloroiodate 



S5 

To a stirred solution of aniline 21’ (0.85 g, 3.3 mmol, 1.0 equiv) in anhydrous pyridine 
(20 mL) was added tosylchloride (0.70 g, 3.7 mmol, 1.1 equiv) in one portion at rt. After 
completion (3 h), the reaction was quenched with a saturated NH4Cl aqueous solution and the 
resulting aqueous layer was extracted with CH2Cl2. The combined organic layers were 
washed with a 10% CuSO4 aqueous solution, dried over anhydrous MgSO4, filtered then 
evaporated in vacuo. Purification was achieved by flash column chromatography on silica gel 
(Hexanes/EtOAc gradient) to afford aniline 21’’. 21’’ : white solid (1.36 g, quant.) ; Rf = 0.36 
on silica gel (30% AcOEt/Hexanes) ; mp = 104-106 °C ; 1H NMR (400 MHz, CDCl3) δ 7.71 
(d, J = 8.1 Hz, 2H), 7.64 (d, J = 8.4 Hz, 1H), 7.43 (brs, NH), 7.26 (d, J = 8.1 Hz, 2H), 7.22 (d, 
J = 2.4 Hz, 1H), 6.74 (dd, J = 8.4, 2.4 Hz, 1H), 2.39 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 
144.8, 140.8, 139.4, 138.2, 135.6, 130.2, 127.5, 121.3, 120.3, 92.8, 21.8 ; IR 3246 (br), 3144, 
1324, 1164, 1092 cm-1 ; HRMS (EI, m/z) calcd. for C13H11NO2SClI (M+) 406.9243, Found 
406.9242. 
 

To a stirred solution of aniline 21’’ (1.25 g, 3.1 mmol, 1.0 equiv) and K2CO3 (1.24 g, 
9.0 mmol, 2.9 equiv) in DMF (15 mL) was added MeI (0.37 mL, 5.9 mmol, 1.9 equiv) at rt. 
After completion (1.5 h), the reaction was quenched with water and the resulting aqueous 
layer was extracted with Et2O. The combined organic layers were dried over anhydrous 
MgSO4, filtered then evaporated in vacuo. Purification was achieved by flash column 
chromatography on silica gel (Hexanes/EtOAc gradient) to afford aniline 21. 21 : beige solid 
(1.21 g, 94%) ; Rf = 0.44 on silica gel (30% AcOEt/Hexanes) ; mp = 85-87 °C ; 1H NMR (400 
MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 
7.20 (d, J = 2.4 Hz, 1H), 6.78 (dd, J = 8.4, 2.4 Hz, 1H), 3.12 (s, 3H), 2.43 (s, 3H) ; 13C NMR 
(100 MHz, CDCl3) δ 144.3, 143.1, 140.3, 138.9, 133.2, 129.8, 128.0, 127.1, 126.0, 96.2, 37.9, 
21.8 ; IR 3170-3040 (several peaks), 1352, 1173, 1074, 678 cm-1 ; HRMS (EI, m/z) calcd. for 
C14H13NO2SClI (M+) 420.9400, Found 420.9395. 
 
 
2-chloro-1-iodo-3,4-dimethoxy-benzene 27 
 

27

I
Cl

OMe
OMe

 
 

Iodide 27 was synthesized as follows using a slightly modified previously described 
literature procedure4: 
 

2-chloro-3,4-dimethoxy-benzoic acid (1.48 g, 6.6 mmol, 1.0 equiv), lead tetraacetate 
(3.35 g, 7.5 mmol, 1.1 equiv), iodine (1.75 g, 7.5 mmol, 1.1 equiv) and AIBN (70 mg, 0.43 
mmol, 5 mol %) were weighed into a round-bottomed flask connected to a condenser under 
N2. Dry, deoxygenated CCl4 (60 ml) was added and the resulting reaction mixture refluxed 
with stirring for 4 h. The reaction mixture was cooled, diluted with CH2Cl2 and filtered. The 

                                                 
4 Almeida1, M.; Boman, A.; Lundstedt, T. J. Label. Compd. Radiopharm. 2002, 45, 371-377. 
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organic phase was then washed with 1M Na2SO3, brine, dried over anhydrous MgSO4 and 
evaporated to afford the crude product as a yellowish solid. Purification was achieved by flash 
column chromatography on silica gel (Hexanes/EtOAc gradient) to afford pure iodide 27. 27 : 
pale yellow solid (1.87 g, 94%) ; Rf = 0.38 on silica gel (20% AcOEt/Hexanes) ; mp = 65-67 
°C ; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.8 Hz, 1H), 6.63 (d, J = 8.8 Hz, 1H), 3.86 (s, 
3H), 3.85 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 154.2, 146.3, 134.5, 133.3, 112.8, 87.5, 
60.8, 56.4 ; IR 3154, 3009, 1047, 1003 cm-1 ; Anal. calcd. for : C8H8O2ClI : C, 32.19 ; H, 2.70 
; Found : C, 32.13 ; H, 2.65. 
 
 

Annulation Reactions 
 
General Procedure for the Bromoalkyl Pyrroles (Condition A) 
 

A vial equipped with a stir bar was charged with aryl iodide (0.200 mmol, 1.0 equiv), 
tri-2-furylphosphine (0.044 mmol, 22 mol %), norbornene (0.400 mmol, 2.0 equiv), Cs2CO3 
(0.400 mmol, 2.0 equiv) and PdCl2 (0.020 mmol, 10 mol %). A solution of bromoalkyl 
pyrrole (0.400 mmol, 2.0 equiv) in CH3CN (2 mL) was then added and the vial was capped. 
The resulting mixture was heated in an oil bath at 90 °C for 23 h, cooled then filtered through 
a short plug of silica. Removal of the solvent gave a crude mixture which was purified by 
flash column chromatography (Hexanes/EtOAc gradient). 
 
 
10-methyl-9-nitro-5,6-dihydro-pyrrolo[2,1-a]isoquinoline 10 
 

N

NO2

10  
 

Yellow solid (35 mg, 77%) ; Rf = 0.23 on silica gel (20% EtOAc/Hexanes) ; mp = 
102-103 °C ; 1H NMR (300 MHz, CDCl3) δ 7.49 (d, J = 8.1 Hz, 1H), 7.15 (d, J = 8.1 Hz, 1H), 
6.77 (dd, J = 2.4, 1.5 Hz, 1H), 6.61 (dd, J = 3.9, 1.5 Hz, 1H), 6.29 (dd, J = 3.9, 2.4 Hz, 1H), 
4.10 (t, J = 6.3 Hz, 2H), 3.08 (t, J = 6.3 Hz, 2H), 2.62 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 
151.7, 137.0, 131.6, 127.1, 126.9, 126.3, 121.8, 120.5, 111.4, 108.5, 43.8, 31.4, 18.0 ; IR 1522 
cm-1 ; HRMS (EI, m/z) calcd. for C13H12N2O2 (M+) 228.0898, Found 228.0897. 
 
 
10-methyl-5,6-dihydro-pyrrolo[2,1-a]isoquinoline-9-carboxylic acid methyl ester 12 
 

N

CO2Me

12  
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Beige solid (33 mg, 67%) ; Rf = 0.31 on silica gel (20% EtOAc/Hexanes) ; mp = 68-70 
°C ; 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H), 6.73 
(dd, J = 2.4, 1.5 Hz, 1H), 6.59 (dd, J = 3.9, 1.5 Hz, 1H), 6.27 (dd, J = 3.9, 2.4 Hz, 1H), 4.07 (t, 
J = 6.4 Hz, 2H), 3.91 (s, 3H), 3.04 (t, J = 6.4 Hz, 2H), 2.71 (s, 3H) ; 13C NMR (75 MHz, 
CDCl3) δ 169.5, 136.4, 134.2, 131.7, 130.7, 127.8, 126.9, 125.5, 121.0, 110.7, 108.0, 52.2, 
44.1, 31.5, 19.7 ; IR 1716 cm-1 ; HRMS (ESI, m/z) calcd. for C15H16NO2 (MH+) 242.1181, 
Found 242.1188. 
 
 
10-methyl-5,6-dihydro-pyrrolo[2,1-a]isoquinoline-8-carboxylic acid methyl ester 14 
 

N

14

CO2Me

 
 

Colourless oil (45 mg, 91%) ; Rf = 0.31 on silica gel (20% EtOAc/Hexanes) ; 1H NMR 
(400 MHz, CDCl3) δ 7.79 (s, 1H), 7.73 (s, 1H), 6.77 (dd, J = 2.4, 1.6 Hz, 1H), 6.65 (dd, J = 
4.0, 1.6 Hz, 1H), 6.29 (dd, J = 4.0, 2.4 Hz, 1H), 4.09 (t, J = 6.8 Hz, 2H), 3.90 (s, 3H), 3.10 (t, 
J = 6.8 Hz, 2H), 2.57 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 167.3, 133.2, 133.1, 132.1, 
131.5, 128.1, 127.2, 126.3, 122.0, 111.2, 108.7, 52.1, 44.4, 30.9, 23.0 ; IR 1712 cm-1 ; HRMS 
(EI, m/z) calcd. for C15H15NO2 (M+) 241.1102, Found 242.1101. 
 
 
N-(5,6-dihydro-pyrrolo[2,1-a]isoquinolin-10-yl)-4,N-dimethyl-benzenesulfonamide 16 
 

N

N

16

Ts

 
 

Light grey solid (52 mg, 73%) ; Rf = 0.16 on silica gel (20% EtOAc/Hexanes) ; mp = 
148-150 °C ; 1H NMR (300 MHz, CDCl3) δ 7.69 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 
7.12 (m, 2H), 6.93 (t, J = 7.8 Hz, 1H), 6.70 (brs, 1H), 6.64 (d, J = 7.8 Hz, 1H), 6.25 (m, 1H), 
4.06 (m, 2H), 3.17 (s, 3H), 3.08 (m, 2H), 2.45 (s, 3H) ; 13C NMR (75 MHz, CDCl3) δ 143.6, 
136.3, 136.0, 133.5, 129.7, 129.5, 128.5, 128.4, 126.7, 125.7, 125.4, 121.5, 110.5, 109.1, 44.2, 
38.5, 30.6, 21.8 ; IR 3150-3070 (several peaks), 1345, 1154 cm-1 ; HRMS (EI, m/z) calcd. for 
C20H20N2O2S (M+) 352.1245, Found 352.1256. 
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4,N-dimethyl-N-(10-methyl-5,6-dihydro-pyrrolo[2,1-a]isoquinolin-8-yl)-benzenesulfona-
mide 18 
 

N

18

N
Ts

 
 

Colourless oil (62 mg, 84%) ; Rf = 0.19 on silica gel (20% EtOAc/Hexanes) ; 1H NMR 
(400 MHz, CDCl3) δ 7.47 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 2.0 Hz, 
1H), 6.73 (d, J = 2.0 Hz, 1H), 6.71 (dd, J = 2.4, 1.6 Hz, 1H), 6.52 (dd, J = 4.0, 1.6 Hz, 1H), 
6.25 (dd, J = 4.0, 2.4 Hz, 1H), 4.06 (t, J = 6.4 Hz, 2H), 3.14 (s, 3H), 2.99 (t, J = 6.4 Hz, 2H), 
2.45 (s, 3H), 2.42 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 143.7, 138.3, 134.0, 133.9, 132.9, 
129.4, 128.2, 128.1, 128.0, 127.6, 124.6, 121.1, 109.5, 108.2, 44.3, 38.3, 31.0, 22.9, 21.8 ; IR 
3180-3050 (several peaks), 1347, 1164 cm-1 ; HRMS (EI, m/z) calcd. for C21H22N2O2S (M+) 
366.1402, Found 366.1406. 
 
 
10-methoxy-5,6-dihydro-pyrrolo[2,1-a]isoquinoline 20 
 

N

MeO

20  
 

Colourless oil which rapidly turns blue at rt (24 mg, 59%) ; Rf = 0.43 on silica gel 
(20% EtOAc/Hexanes) ; 1H NMR (400 MHz, CDCl3) δ 7.06 (t, J = 8.0 Hz, 1H), 6.86 (dd, J = 
3.6, 1.6 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.67 (d, J = 2.4, 1.6 Hz, 
1H), 6.23 (dd, J = 3.6, 2.4 Hz, 1H), 4.06 (t, J = 6.4 Hz, 2H), 3.92 (s, 3H), 3.06 (t, J = 6.4 Hz, 
2H) ; 13C NMR (75 MHz, CDCl3) δ 155.2, 132.8, 126.3, 126.0, 120.6, 120.5, 119.0, 109.8, 
109.7, 108.3, 55.6, 44.4, 30.4 ; IR 3170-3060 (several peaks), 1084, 1047 cm-1 ; HRMS (EI, 
m/z) calcd. for C13H13NO (M+) 199.0997, Found 199.0994. 
 
 
4,N-dimethyl-N-(10-chloro-5,6-dihydro-pyrrolo[2,1-a]isoquinolin-8-yl)-benzenesulfona-
mide 22 
 

N

Cl

22

N
Ts
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Pasty beige solid (58 mg, 75%) ; Rf = 0.30 on silica gel (20% EtOAc/Hexanes) ; mp = 
56-60°C ; 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 
7.14 (dd, J = 4.0, 1.6 Hz, 1H), 7.09 (d, J = 2.0 Hz, 1H), 6.84 (d, J = 2.0 Hz, 1H), 6.74 (dd, J = 
2.6, 1.6 Hz, 1H), 6.26 (dd, J = 4.0, 2.6 Hz, 1H), 4.08 (t, J = 6.4 Hz, 2H), 3.13 (s, 3H), 3.04 (t, 
J = 6.4 Hz, 2H), 2.43 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 144.1, 138.7, 134.2, 133.4, 
129.7, 129.1, 128.1, 127.0, 126.3, 125.9, 125.6, 121.9, 111.2, 108.6, 44.1, 38.1, 31.0, 21.8 ; IR 
3180-3040 (several peaks), 1350, 1170, 1083, 666 cm-1 ; HRMS (EI, m/z) calcd. for 
C20H19N2O2SCl (M+) 386.0855, Found 386.0859. 
 
 
11-methyl-10-nitro-6,7-dihydro-5H-benzo[c]pyrrolo[1,2-a]azepine 24 
 

N

NO2

24  
 

Viscous yellow solid (36 mg, 74%) ; Rf = 0.42 on silica gel (10% EtOAc/Hexanes) ; 
1H NMR (300 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H), 6.78 (m, 
1H), 6.28 (m, 2H), 3.99 (brs, 1H), 3.74 (brs, 1H), 2.66 (brs, 1H), 2.56 (s, 3H), 2.41 (brs, 2H), 
2.07 (m, 1H) ; 13C NMR (75 MHz, CDCl3) δ 150.5, 144.2, 135.6, 130.7, 128.8, 127.1, 122.8, 
121.1, 111.7, 107.5, 44.8, 32.0, 31.9, 17.7 ; IR 1519 cm-1 ; HRMS (EI, m/z) calcd. for 
C14H14N2O2 (M+) 242.1055, Found 242.1055. 
 
 
N-(6,7-dihydro-5H-benzo[c]pyrrolo[1,2-a]azepin-yl)-4,N-dimethyl-benzenesulfonamide 
25 
 

N

N

25

Ts

 
 

Beige solid (51 mg, 69%) ; Rf = 0.34 on silica gel (30% EtOAc/Hexanes) ; mp = 142-
144 °C ; 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.0 Hz, 2H),, 7.19 (d, J = 8.0 Hz, 2H), 
7.18-7.12 (m, 2H), 6.98 (dd, J = 7.2, 1.8 Hz, 1H), 6.72 (dd, J = 2.4, 1.8 Hz, 1H), 6.34 (m, 1H), 
6.19 (dd, J = 3.6, 2.4 Hz, 1H), 3.69 (brs, 2H), 3.11 (s, 3H), 2.56 (brs, 2H), 2.41 (s, 3H), 2.14 
(brs, 2H) ; 13C NMR (100 MHz, CDCl3) δ 143.3, 140.7, 139.1, 136.0, 134.5, 129.3, 129.2, 
128.9, 128.3, 127.6, 126.8, 120.9, 109.7, 107.5, 44.8, 39.1, 32.2, 31.6, 21.7 ; IR 3160-3040 
(several peaks), 1346, 1154 cm-1 ; HRMS (EI, m/z) calcd. for C21H22N2O2S (M – CH3)+ 
366.1402, Found 366.1402. 
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10-chloro-8,9-dimethoxy-5,6-dihydro-pyrrolo[2,1-a]isoquinoline-3-carboxylic acid ethyl 
ester 28 
 

N

Cl

28

OMe

OMe

EtO2C

 
 

Pale yellow solid (27 mg, 40%) ; Rf = 0.12 on silica gel (20% EtOAc/Hexanes) ; mp = 
106-109 °C ; 1H NMR (400 MHz, CDCl3) δ 7.12 (d, J = 4.2 Hz, 1H), 7.02 (d, J = 4.2 Hz, 1H), 
6.74 (s, 1H), 4.61 (t, J = 6.6 Hz, 2H), 4.30 (q, J = 7.2 Hz, 2H), 3.91 (s, 3H), 3.87 (s, 3H), 2.98 
(t, J = 6.6 Hz, 2H), 1.37 (t, J = 7.2 Hz, 3H) ; 13C NMR (100 MHz, CDCl3) δ 161.6, 152.3, 
145.2, 132.7, 130.8, 126.2, 121.3, 120.6, 117.5, 110.8, 109.9, 60.8, 60.1, 56.3, 41.6, 30.8, 14.7 
; IR 3150, 1684, 1073, 1044 cm-1 ; HRMS (EI, m/z) calcd. for C17H18NO4Cl (M+) 335.0924, 
Found 335.0930. 
 
 
6,8-dimethyl-4,5-dihydro-6H-3a,6,8-triaza-cyclopenta[a]naphthalene-7,9-dione 39 
 

N N

N
O

39

O

 
 

Beige solid (reaction run on a 0.154 mmol scale, 14 mg, 39%) ; Rf = 0.23 on silica gel 
(100% EtOAc) ; mp = 195-199 °C (decomposition) ; 1H NMR (400 MHz, CDCl3) δ 6.95 (dd, 
J = 3.2, 1.6 Hz, 1H), 6.62 (m, 1H), 6.23 (apparent t, J = 3.2 Hz, 1H), 4.11 (t, J = 7.0 Hz, 2H), 
3.52 (s, 3H), 3.44 (s, 3H), 3.04 (t, J = 7.0 Hz, 2H) ; 13C NMR (100 MHz, CDCl3) δ 159.6, 
151.7, 141.4, 123.9, 120.0, 109.7, 108.6, 105.0, 42.3, 31.9, 28.5, 26.3 ; IR 1700 (br), 1653 (br) 
cm-1 ; HRMS (ESI, m/z) calcd. for C12H14N3O2 (MH+) 232.1080, Found 232.1086. 
 
 
General Procedure for the Bromoalkyl Pyrazole 
 

A 10 mL round-bottom flask equipped with a reflux condenser was charged with aryl 
iodide (0.600 mmol, 1.5 equiv), tri-2-furylphosphine (0.088 mmol, 22 mol %), norbornene 
(0.800 mmol, 2.0 equiv), Cs2CO3 (0.800 mmol, 2.0 equiv) Pd(OAc)2 (0.040 mmol, 10 mol %) 
and CH3CN (2 mL). The resulting mixture was heated to reflux then a solution of bromoalkyl 
pyrazole (0.400 mmol, 1.0 equiv) in CH3CN (2 mL) was added dropwise (20h syringe-pump 
addition). After addition, the resulting mixture was cooled then filtered through a short plug 
of silica. Removal of the solvent gave a crude mixture which was purified by flash column 
chromatography (Hexanes/EtOAc gradient). 
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10-methyl-5,6-dihydro-pyrazolo[5,1-a]isoquinoline 31 
 

NN

31  
 

Orange solid (40 mg, 54%) ; Rf = 0.17 on silica gel (20% EtOAc/Hexanes) ; mp = 59-
64 °C ; 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 2.0 Hz, 1H), 7.17-7.12 (m, 3H), 6.58 (d, J 
= 2.0 Hz, 1H), 4.36 (t, J = 6.8 Hz, 2H), 3.16 (t, J = 6.8 Hz, 2H), 2.54 (s, 3H) ; 13C NMR (100 
MHz, CDCl3) δ 138.4, 137.1, 134.5, 133.3, 130.1, 127.6, 126.3, 126.0, 105.0, 46.4, 30.4, 22.2 
; IR 3155 cm-1 ; HRMS (EI, m/z) calcd. for C12H12N2 (M+) 184.1000, Found 184.0999. 
 
 
10-fluoro-5,6-dihydropyrazolo[5,1-a]isoquinoline 33 
 

NN

F

33  
 

Orange solid (37 mg, 49%) ; Rf = 0.10 on silica gel (20% EtOAc/Hexanes) ; mp = 43-
45 °C ; 1H NMR (300 MHz, CDCl3) δ 7.57 (d, J = 2.4 Hz, 1H), 7.26-7.19 (m, 1H), 7.07-7.02 
(m, 2H), 6.73 (dd, J = 4.2, 2.4 Hz, 1H), 4.38 (t, J = 6.8 Hz, 2H), 3.23 (t, J = 6.8 Hz, 2H) ; 13C 
NMR (100 MHz, CDCl3) δ 158.7 (d, J = 251.5 Hz), 139.6, 134.5 (d, J = 3.8 Hz), 133.3, 129.1 
(d, J = 8.4 Hz), 123.9 (d, J = 3.1 Hz), 115.8 (d, J = 14.6 Hz), 114.7 (d, J = 21.5 Hz), 105.2 (d, 
J = 8.4 Hz), 46.3, 29.6 ; IR 3115, 1254, 1095 cm-1 ; HRMS (EI, m/z) calcd. for C11H9NF (M+) 
188.0749, Found 188.0750. 
 
 
4,5-dihydro-3,3a-diaza-cyclopenta[c]phenanthrene 35 
 

NN

35  
 

Orange solid (45 mg, 51%) ; Rf = 0.12 on silica gel (20% EtOAc/Hexanes) ; mp = 65-
68 °C ; 1H NMR (300 MHz, CDCl3) δ 8.55 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.78 
(d, J = 8.4 Hz, 1H), 7.65 (d, J = 2.4 Hz, 1H), 7.59 (m, 1H), 7.54 (m, 1H), 7.40 (d, J = 8.4 Hz, 
1H), 6.91 (d, J = 2.4 Hz, 1H), 4.46 (t, J = 6.7 Hz, 2H), 3.28 (t, J = 6.7 Hz, 2H) ; 13C NMR (75 
MHz, CDCl3) δ 138.8, 136.6, 133.4, 132.2, 129.5, 129.0, 128.8, 127.4, 126.6, 125.9, 124.5, 
123.9, 105.2, 46.1, 31.0 ; IR 3110-3020 (several peaks), 816, 792 cm-1 ; HRMS (EI, m/z) 
calcd. for C15H12N2 (M+) 220.1000, Found 228.0998. 



S12 

10-trifluoromethyl-5,6-dihydropyrazolo[5,1-a]isoquinoline 37 
 

NN

37

F3C

 
 

Light orange solid (40 mg, 42%) ; Rf = 0.08 on silica gel (20% EtOAc/Hexanes) ; mp 
= 92-94 °C ; 1H NMR (300 MHz, CDCl3) δ 7.68 (d, J = 8.1 Hz, 1H), 7.54 (d, J = 2.1 Hz, 1H), 
7.47 (d, J = 8.1 Hz, 1H), 7.34 (t, J = 8.1 Hz, 1H), 6.85 (apparent quint., J = 2.1 Hz, 1H), 4.39 
(t, J = 6.6 Hz, 2H), 3.19 (t, J = 6.6 Hz, 2H) ; 13C NMR (100 MHz, CDCl3) δ 138.8, 135.6, 
134.2, 132.3, 127.6, 126.0 (q, J = 6.9 Hz), 125.4 (q, J = 31.3 Hz), 124.2 (q, J = 272.9 Hz), 
106.6 (q, J = 6.8 Hz), 46.0, 31.0 ; IR 3120-3030 (several peaks), 1311, 1166, 1133, 692 cm-1 ; 
HRMS (EI, m/z) calcd. for C12H9N2F3 (M+) 238.0718, Found 238.0711. 
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1H and 13C NMR Spectra 
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